H ip fracture is a devastating event that causes major morbidity and mortality, particularly in elderly populations. 1, 2 Although the incidence of hip fracture varies by geography and ethnicity, its increasing incidence is a worldwide problem, which adds considerably to the pubic health burden and economic costs. 3, 4 Several risk factors are associated with the occurrence of hip fracture, including osteoporosis, physical conditions, comorbidities, concurrent pharmacological effects, and environmental factors. 5 High mortality among patients after hip fractures has been demonstrated in previous studies. 6 -8 Acute and short-term mortality is predominantly a result of infections, cardiovascular comorbidities, and postoperative complications. 7, 9 Stroke is a recognized risk factor for hip fracture. 10 -12 In addition to significantly decreased balance, decreased reaction time could result in falls among patients with stroke. Accelerating osteoporosis in the stroke-affected limbs predisposes patients with stroke to fractures. 10 Stroke in itself is also a major cause of disability and death. 13 The association between cardiovascular disease and hip fracture has attracted attention in recent years. 14, 15 Several factors are thought to concurrently affect the vascular system and regulation of bone formation. 16, 17 We hypothesize that patients with hip fractures may experience several unfavorable physiological changes that predispose them to stroke. However, to date, studies regarding the risk of stroke among patients with hip fracture are lacking. We investigated the frequency of stroke during a 1-year follow-up period after a hip fracture and computed the relative risk compared with the general population using nationwide population-based data.
Methods

Database
The data source was the "Longitudinal Health Insurance Database (LHID2000)," derived from medical claims data available with the Bureau of National Health Insurance, provided to researchers for longitudinal studies of medical service use. Taiwan launched its National Health Insurance (NHI) program in 1995 to provide affordable health care for all residents of Taiwan. As of 2007, 22.60 million of 22.96 million Taiwanese (98.4%) were covered under the NHI program. The LHID2000, prepared by the Taiwan National Health Research Institutes, contains insured population registration files and medical claims for 1 000 000 randomly selected NHI enrollees from the 2000 Registry of NHI Beneficiaries. The representativeness of the LHID2000 relative to the population of NHI enrollees on sex distribution is validated by the Taiwan National Health Research Institutes. The LHID2000 has been released to researchers for longitudinal studies for several years. Many studies based on the LHID2000 have been published. 18, 19 The details of database generation are published online by the Taiwan National Health Research Institutes. 20 This study was exempt from full review by the Institutional Review Board because the data set consists of deidentified secondary data released without restrictions for research purposes.
Study Sample
This was a prospective case-control study. We identified 2455 patients who were hospitalized with a principal diagnosis of hip fracture (International Classification of Diseases, 9th Revision, Clinical Modification codes 820 to 821) from January 1, 2001, to December 31, 2004 from the LHID2000. Their first hospitalization for hip fracture served as the index healthcare use for hip fracture. We excluded patients aged Ͻ18 years (nϭ159), patients diagnosed with stroke (International Classification of Diseases, 9th Revision, Clinical Modification codes 430 to 438) before their index healthcare use (nϭ133), and patients with an underlying disorder predisposing the patient to pathological fractures such as cancer or bone disease (nϭ62). Ultimately, 2101 adult patients with hip fracture were included in the study cohort.
We selected the comparison cohort from the remaining NHI beneficiaries registered in the LHID2000. Like with the study cohort, we excluded patients aged Ͻ18 years. We also excluded patients diagnosed with a fracture, cancer, or bone disease during the period 1996 to 2005. Then, we randomly selected 6303 subjects (3 comparison patients for every patient with hip fracture) matched on sex, age (Ͻ40, 40 to 49, 50 to 59, 60 to 69, 70 to 79, and Ն80 years), and year of the study patient's index healthcare use for hip fracture. For comparison patients, their first use of health care in this year served as their index healthcare use regardless of inpatient or ambulatory setting. Patients diagnosed with stroke before their index healthcare use were excluded.
All patients, hip fracture and comparison patients, were tracked (nϭ8404) for a 1-year period from their index healthcare use to identify patients who experienced a stroke. During the follow-up period, 131 sampled patients died from nonstroke causes, 73 from the study cohort and 58 from the comparison cohort.
Statistical Analysis
We used SAS programs for analysis (SAS System for Windows, Version 8.2; SAS Institute Inc, Cary, NC). We used the SAS proc surveyselect program for selecting comparison patients. We used Pearson 2 tests to compare hip fracture versus comparison patients on geographical location of the patient's residence (northern, central, eastern, and southern Taiwan), monthly income, and selected comorbid medical disorders at baseline (hypertension, diabetes, heart disease (including coronary heart disease, atrial fibrillation and heart failure, and hyperlipidemia), all risk factors for stroke. These disorders were captured in the study data set if such a diagnosis appeared either in an inpatient claim or in Ն2 ambulatory care claims coded 6 months before and after the index healthcare use.
We used the Kaplan-Meier method and log-rank test to estimate survival curves and to compare the 1-year stroke-free survival rate among patients with hip fracture versus the comparison group. In addition, stratified Cox proportional hazard regression (stratified by age, sex, and the year of index healthcare use) was performed to evaluate the association of hip fracture with a subsequent stroke within 1 year, censoring cases that died from nonstroke causes during that time. We computed hazard ratios (HRs) and 95% CIs to estimate the risk of stroke using a significance level of 0.05. Table 1 shows the distribution of the hip fracture and comparison patients by demographic characteristics and comorbid medical disorders at baseline. Of 8404 sampled patients, the mean age was 63.8 years for all patients (SD, 20.2) and 63.9 years and 63.8 years, respectively, for hip fracture and comparison patients (Pϭ0.244). Over half (54.5%) were aged Ͼ70 years. After being matched for age and sex, the patients with hip fracture had a higher prevalence of diabetes than the comparison group (PϽ0.001). Both groups were similar in hypertension, hyperlipidemia, and heart disease prevalence at baseline. Table 2 presents the distribution of strokes during 1-year follow-up among hip fracture versus comparison patients. Of the total 8404 patients, 256 (3.1%) had a stroke, 86 among patients with hip fracture (4.1%) and 170 (2.7%) among comparison patients. The Figure presents the stroke-free survival curves obtained by the Kaplan-Meier method and shows that patients with hip fracture had significantly lower 1-year stroke-free survival than comparison patients (logrank test: 12.353; PϽ0.001).
Results
Among patients who had a stroke during follow-up, the median period between index healthcare use and stroke onset was 155 days for all patients and 170 and 154 days, respectively, for hip fracture and comparison patients, respectively (Pϭ0.452). There was no significant difference in the type of stroke between the 2 cohorts (Pϭ0.473). Table 2 also shows the crude HRs for stroke. Stratified Cox proportional hazard analysis showed that the hip fracture group had a crude HR of 1.55 relative to the comparison group (95% CI, 1.19 to 2.03; PϽ0.001). Table 3 presents the covariate-adjusted stroke HRs. After adjusting for patients ' geographic location, monthly income, and presence of hypertension, diabetes, heart disease, and hyperlipidemia at baseline, patients with hip fracture were more likely to have a stroke relative to the comparison group (HR, 1.53; 95% CI, 1.17 to 2.01; Pϭ0.002).
Discussion
Although high mortality associated with hip fracture is well recognized (11% to 23% at 6 months and 22% to 29% at 1 year postfracture), 6 the role of comorbidities/complications in mortality remains unclear. Stroke is a leading cause of disability and mortality worldwide. 13 Patients with hip fracture and comorbid stroke are disadvantaged in recovering their functional status and on their survival probability. Our study finds that patients with hip fracture face a higher risk of stroke in the next year. To our knowledge, this is the first longitudinal population-based study to explore the frequency and risk of stroke among patients with hip fracture. Our study suggests that physicians should be proactive to prevent strokes given the subsequent higher risk of stroke among patients with hip fracture.
The mechanisms mediating stroke occurrence among patients with hip fracture is little studied and largely unclear. Several factors may be involved. First, physical inactivity, psychological distress, and pain are common after a hip fracture. 5 Disruption or deterioration of pre-existing cardiovascular risk could be triggered in such circumstances.
Second, embolic phenomena arising out of deep vein thrombosis, fat embolization, and pulmonary embolization are not uncommon in patients with hip fracture during the acute and postoperative periods. 21 Recent studies found that systemic migration of emboli to the brain through intracardiac or extracardiac right to left shunts resulting in stroke is more common than thought earlier. 22, 23 In addition, systemic hypercoagulative status is a documented complication after surgery for proximal femoral fracture, 24 which could trigger a stroke. Third, the hospitalization and surgery required for hip fracture treatment are inevitably associated with unfavorable physiological changes during anesthesia and surgical procedures, which could predispose these patients to cerebro-and cardiovascular events.
Our study found that patients with hip fracture were more likely to have comorbid diabetes mellitus compared 
Kang et al Hip Fracture and Stroke
with matched control subjects. Patients with diabetes are at higher risk for falls, possibly due to diabetic neuromuscular dysfunction and impaired vision due to retinopathy and cataract. 25, 26 Impaired bone quality rather than impaired bone density may compound the risk of fractures among diabetic patients. Recurrent hypoglycemia, vitamin D deficiency, and thiazolidine therapy are all reported to increase fracture risk in diabetic patients. 26 Appropriate screening for bone density, intervention for osteoporosis, and appropriate fall prevention strategies should be considered for integration into routine care protocols for diabetic patients. Interestingly, Van Diepen et al found that heart failure is also associated with a higher risk for hip fracture in a large population-based study. 27 Elevated aldosterone levels in patients with heart failure may induce secondary hyperparathyroidism. 28 Vitamin D levels are lower in patients with heart failure than in matched control subjects. 29 All of these factors are associated with osteoporosis and, consequently, increased fracture risk. The incidence of hip fracture increases with an aging population typical of modern societies. 30 To minimize morbidity and mortality among patients with hip fracture, a multidisciplinary approach, including medical, orthopedic, and rehabilitative specialty collaboration, is suggested to improve outcomes. 5, 31, 32 The clinical goal of postoperative care, chiefly early mobilization, muscle strengthening, gait training, and pain management, is to achieve maximum functional status and prevent subsequent falls and fractures. 33 Our study suggests that the postoperative management should be expanded to address any level of cardiovascular risk, both short-term and long-term cardiovascular risks. Controlling cardiovascular risks, enhancing physical activity, and minimizing psychological stress may decrease the risk of stroke after hip fracture. 34 Interestingly, recent data suggest that bisphosphonate, a common antiosteoporotic agent, could concurrently retard atherosclerosis. 35 Specific preventive interventions against adverse cardiovascular events in patients with hip fracture need to be explored further.
A strength of our study is the minimal selection bias due to the use of a representative sample drawn from population-based data providing important epidemiological data regarding this issue. However, several limitations of our study should be noted. First, a widespread skepticism prevails regarding the validity of diagnostic coding in medical claims. Taiwan's NHI is 1 of the largest singlepayer health insurance systems in the world. To maximize diagnostic coding accuracy in medical claims, the NHI has extensive and systematic processes of quality assurance including routine crosschecking of stratified random samples of claims using comprehensive chart reviews by clinical specialists. Additionally, epidemiological studies conducted with the LHID have yielded results that are consistent with population-based surveys for several conditions. 36 Therefore, the reliability of diagnostic coding in medical claims is considered acceptable for epidemiological studies.
Second, potentially important confounding variables are not captured in claims data such as family history, cigarette smoking, alcohol consumption, physical activity, and dietary habits. Third, we did not account for pharmaceuticals. Medications such as nonsteroidal anti-inflammatory drugs are usually prescribed for management of pain in hip fracture cases. Long-term use of nonsteroidal antiinflammatory drugs is associated with an increased risk of stroke. 37 Fourth, our study population largely consists of ethnic Han Chinese, and therefore our results may not generalize to all populations. Ethnic differences in both stroke and hip fracture are documented. 38 -40 Therefore, our findings should be evaluated against other ethnic groups. Fifth, we assigned the first episode of healthcare use as the patient's index healthcare use regardless of inpatient or ambulatory setting. This design may select a healthier set of control subjects and therefore underestimate the risk of stroke among other hospitalized control subjects. Our study design, however, is consistent with our objective of assessing the overall relative risk of stroke among patients with hip fracture relative to the general population. Selection of control subjects from among hospitalized patients would provide the excess stroke risk among patients with hip fracture relative to other significantly ill patients. Although useful in itself, it was not a study objective and therefore not studied. Finally, the type of hip fracture, anesthesia, and surgery is not accounted for in our study. Some authors suggest that the type of fracture and surgery affects the outcome. 9, 41 Further studies are needed to explore the risk of stroke among hip fracture subtypes.
In conclusion, patients with hip fracture are at increased risk of a subsequent stroke within the next year. The mechanisms involved need further study. Aggressive monitoring and modification of cardiovascular risk factors may help to reduce adverse cardiovascular events in this population.
